In a previous paper (p. 265, supra) I have described a method which is especially suitable for comparing the viscosities of small quantities of .different gases. I have now made use of it for determining the viscosities of specimens of helium, neon, argon, krypton, and xenon, which were very kindly placed at my disposal by Sir William Ramsay. The results here recorded are for atmospheric temperatures only, but the measurement of the temperature variations will at once be proceeded with. For this purpose, however, the apparatus will have to be somewhat modified; and in view of the important bearing of viscosity upon the kinetic theory of gases and molecular properties, it has been thought unwise to delay publication.
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Theory of the Method.
A diagram of the principal part of the apparatus is given in fig. 1 . I t consists of two tubes connected together at both ends, and two taps for admitting and extracting the gas enclosed. The tube M is a fine capillary tube about 50 cm. long, and the tube N is much wider in internal cross-section, but is nevertheless sufficiently narrow for the pellet of mercury P to remain intact in it. When the tubes are held vertically, the mercury pellet travels slowly downwards, driving before it the gas enclosed through the capillary tube. The apparatus may be filled with various gases whose viscosities-subject to a small correction to be mentioned later-are simply proportional to the times occupied by the mercury pellet in describing the distance between the marks y and £. That is to say, if t\ and t% are the times of fall for two different gases, y -h/h It has been shown in the previous paper that there is a small reduction in the pressure exerted by the pellet owing to the surface tension of the mercury. The amount of this surface tension certainly depends upon the gas to which the mercury is exposed; but it is improbable that the variations are large; and affecting, as they do, only a small fraction of the total pressure applied, can be reasonably neglected.
The reason why equation (1) only gives the ratio of viscosities approxi mately is that different gases have different slipping coefficients. The complete formula for transpiration, as applied to this particular method, is (2> where 77 is the viscosity, R the radius of the capillary tube, the effective pressure exerted by the mercury pellet, t the time of fall between the marks y and z, l the length of the capillary tube, and v the volume swept out by the mercury pellet. The slipping coefficient is G, which depends upon the gas used. Its value has been shown by 0. E. Meyer to be practically equal to the mean free path in the gas. For purposes of comparison, therefore, we must write
where \ i and \ 2 are the mean free paths in the gases under the conditio the experiment. Under ordinary conditions, the mean free path is very small even compared with R. Therefore, with sufficient accuracy _ *1 V2 h (4> It follows that, in order to compare 771 and 772, we need to know the mean free paths in the corresponding gases. Or, if we know the absolute mean free path in one of them, say X2, the ratio \ i will suffice. In any case,, comparatively rough values only are required, and we may obtain these by having recourse to the kinetic theory of gases. Upon the simplest assumptions the following relations hold :-V -3 pY\r, and
where p is the density of the gas, Y the root mean square velocity of the particles, and pt he pressure. Eliminating Y, we obtain y -aA s VP) • Y or, if the pressure is the same for two different gases,
To obtain a rough value of we may use the approximate value of y \/y 2 given by equation (1). A more accurate value of 771/772 can then be obtained by using equation (4) It may be here pointed out that equation (5) is subsequently used for the purpose of comparing the mean free paths in the various gases. In this case the corrected value of V\lvz is made use of.
Arrangement of the Apparatus.
The gases were supplied to the author in test-tubes inverted over mercury, about 10 c.c. in each case. This quantity was amply sufficient to fill, at atmospheric pressure, the viscosity apparatus, the total volume of the latter being only 6 c.c. The methods of manipulating small quantities of valuable gas have so often been fully described* that it is unnecessary here to do more than give a diagram of the apparatus by means of which the tubes were evacuated and filled with the gas (fig. 2 ). The connection between the ,To |>u.m|>.
viscosity apparatus proper and the remainder was by means of short pieces of rubber tubing, since it was necessary, after filling the former, to remove it for the purpose of repeated inversion. In order to remove the gas after the experiment connection could then be restored, and the gas pumped out and collected over mercury. The pump itself was not filled with the gas except during the process of removal, the tap Ti being turned oft before admitting the gas from the test-tube Q. By this means 10 c.c. was rendered more than sufficient to fill the tubes at atmospheric pressure.
The procedure for preparing the apparatus for a measurement was as follow s-The whole was evacuated, and the tap Ti turned off. Gas was then admitted slowly by manipulating the taps T2, T3, and Y until the pressure inside was atmospheric. The taps T2 and Y were then turned off, and the gas occupying the region between Y and T\ pumped off and collected. The rubber joint near Y having been removed, the parallel tubes (which are permanently fixed to a stand rotating about 0 ) were ready for experiment.
Method of Observation.
For a reason explained in the previous paper it is necessary to observe the time occupied by the rear end of the mercury pellet in describing the distance yz in both directions and to take the mean. In all the observations recorded here the mean of six times of fall-three in each direction-has been taken. The apparatus was at various stages filled with dry air, which has been taken as a standard. The same mercury pellet was used throughout, and for the same temperature it was found that the time of fall in air did not vary appreciably. The variation in temperature during any one complete experiment was never more than 0o,5 C. and the mean value has been taken. Several values of the time of fall in air were thus determined over the small temperature range from 90,8 C. to 120,6 C. The values range from 153'8 seconds at the lower temperature to 155'2 seconds at the higher; and the values for intermediate temperatures have been deduced by interpolation for comparison with the times of fall in the rare gases.
Experimental Results.
The following are the results of the measurements for the various gases:-1 .
Helium.-The helium used, was part of that which had been purified carefully by Mr. H. E. Watson and used by Mr. Cuthbertson in his most recent measurements of the refraction and dispersion. It is improbable that the amount of impurity exceeded ^ per cent. 
153'8
Applying correction for different slipping coefficients-A t 9°-8 C., V i l e / V= T086.
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the This ratio has already been determined by two other observers-Lord Rayleigh* and H. Schultze.f The former obtained the value 0-96; but this was soon after the discovery of helium, and the probability of considerable impurity was much greater than now. The value obtained by Schultze is identical with the value recorded here, viz., 1*086. This, however, was at the temperature 15° C., but the temperature coefficients of helium and air differ only slightly, and the ratio V i i e / va ir is therefore practicall a small range of temperature. Hence the present determination agrees almost exactly with that of Schultze.
2. Neon.-Mr. Watson had also purified the neon used in these experiments. It exhibited to a very marked extent the extraordinary property noticed by Prof. Collie-that of glowing brilliantly when in contact with moving mercury. Both upon admission to and extraction from the apparatus these red flashes were visible even in full daylight. Prof. Collie has informed the author that such is the case only when impurities are almost entirely absent from the neon.. The specimen used was probably the purest yet made. No other values of this ratio have yet been recorded, so comparison is not possible. Attention may be called to the fact that neon has a much higher viscosity at ordinary temperatures than any other gas hitherto experimented upon. This may possibly have some bearing on the extraordinary property of neon mentioned above.
3. Argon.-The specimen of this gas was again part of that used by Mr. Cuthbertson in his optical measurements, the results of which point to its great purity. The mean free paths in air and argon being nearly equal, the correction for slipping coefficient is negligible. Hence-
A t 12°-3 C,
Va /V = 1-221.
Here, again, comparison may be made with the values obtained by Rayleigh* and Schultze.f The former found the value 1-21 for the above ratio, and the latter 1-220 at 15° C. The same consideration as in the case of helium applies here with regard to temperature coefficients, and again Schultze's value and the present one are practically identical.
Krypton and Xenon.-These gases had been purified by Prof. Moore for the purpose of accurate determinations of their densities, and are probably the purest specimens in existence. Proc.,''vol. 59, pp. 198-208, January, 1896.  + Schultze, * Ann. der P hysik' (4), vol. 5, p. 140, 1901 . These being the first determinations of the viscosities of krypton and xenon, no comparisons may be made.
Discussion of Results.
The following are the collected values of the ratio 77/7?air for the five gases dealt w ith :-Gas. It will be at once noticed that in this group of gases there is neither a regular increase or decrease of viscosity with atomic weight. As the atomic weight increases, the viscosity increases and decreases in successive 1910.]
Viscosities of the (fases of the Argon Group. steps of gradually diminishing magnitude. I t is difficult to assign directly a cause for this effect. We can, however, by applying the kinetic theory of gases, deduce some information which is, at all events, suggestive. I t cannot be doubted that the assumption of spherical molecules is more justifiable in the case of monatomic gases such as these than in other cases. Further, it is more to be expected that simple relations will hold for a set of gases occupying a single column in the periodic table than for gases chosen at random from the various groups. It is well known that the mean free path in a gas may be calculated if the viscosity is known, and that the former may be used for the estimation of the molecular radius and volume. In what follows absolute values have not been found, but the mean free paths and molecular dimensions of the various gases have been compared with the corresponding quantities for helium. As previously pointed out, if Xx and X2 are the mean free paths in two gases at equal temperatures and pressures,
shown that X may be expected to bear the following relation to s, the molecular radius:-X being the number of molecules per unit volume.
For two gases under similar conditions N has the same value, and therefore That is, the free path depends only upon the dimensions of the molecules. The viscosity, on the other hand, depends on the masses of the molecules also, as is shown by combining equations (6) and (8). The latter equation enables us to compare the molecular radii and volumes, for, making use of equation (6) to calculate Xi/X2.
In the appended table helium has been taken as the standard in every case; thus, for example, its atomic weight is taken as unity, and proportionate atomic weight-r-atomic volume, which is a measure of the density of the atom itself, disregarding the intermolecular spaces. mean free path and atomic weight are shown graphically. It will be ( 6) pi and p2 being the densities under similar conditions. I t has further been X"1 = V2N7TS2,
X1/X2 = s22/ si2. (8) values assigned to the other gases. The last column represents the ratio In figs. 3 and 4 the relations between viscosity and atomic weight and ............ 33 -01 1-136 0-198 2-25 11 -37 2-90 # The numbers in this column are relative to helium. In order to obtain the absolute values of the radii each number must be multiplied by the factor 1*68 x 10~8 cm. This, however, will only give the order of the quantity, since it depends upon the uncertain value of the number of molecules per cubic centimetre. The latter number has been taken as 2*8 x 1019.
noticed that although the viscosity is successively large and small, the mean free path continues to diminish as the atomic weight increases. A further and more remarkable fact-to accentuate which dotted lines have been drawn-is that straight line joining the points representing He and He intersects the corresponding straight line for X and Kr close to the point representing argon. The author can offer no explanation of this, but it is obvious, under the circumstances, that no single simple curve can be fitted to all five points. This might possibly be done if argon were omitted, but no sufficient reason exists for doing so. I t is, perhaps, not surprising that no simple relation can be found between the mean free path and atomic weight, for we expect the former to depend, not upon the mass of the atom but upon its dimensions. One can, however, ATOMIC WEIGHT F ig. 3. calculate the atomic dimensions by the means mentioned earlier, and test their bearing upon the atomic weight. Eeferring to the above table, it will be noticed that both the molecular radius and volume increase with increasing atomic weight, but no simple relations for all five gases have been found. This will be seen from the last column, which represents the true atomic densities. It is, nevertheless, worthy of remark that the atomic densities of neon, krypton, and xenon are practically the same, i.e. atoms of these three gases might be regarded as consisting of the same prime material, their different masses being accounted for solely by the difference in their volumes. I t is noteworthy, also, that the three atoms mentioned are each practically three times as dense as the helium atom. In the case of argon, the atomic density is not so nearly integral. It is not far removed from 2, but the difference is much more than could possibly be accounted for by experimental inaccuracy. The above discussion is put forward with all reserve. Its value depends entirely upon the validity of the simplified form of the kinetic theory as applied to these gases. It is certainly improbable that the latter is more than an approximation to the truth, and closer approximation is not to be expected in results deduced therefrom.
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In conclusion, I wish to record my thanks to Sir William Bamsay for his kindness in lending me specimens of these gases; to Mr. Cuthbertson, for much useful advice as to their manipulation ; and to Prof. Trouton, for the constant interest he has shown during the course of these measurements.
